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(54) PERMANENT-MAGNET MOTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance motor 
efficiency by making effective use of magnet torque and 



reluctance torque, in a permanent-magnet motor. 
SOLUTION: In an inner rotor-type permanent-magnet 
motor, permanent magnets 11 in a number equivalent to 
the number of poles concerned are embedded in the rim 
of a core at equal intervals, and the permanent magnets 
1 1 are so formed that their cross-sectional shape is of 
convex lens. Flux barriers are formed at both the ends of 
the permanent-magnets 11, and the permanent magnets 
1 1 are formed such that their faces on one side are 




located along the rim of the rotor core 10, and their faces 
on the other side are of a shape with the distance from 
the center hole 4 take into account. The distance 

between the adjacent permanent magnets 1 1 in different poles is set to a value not less than 
the thickness of one electromagnetic steel plate used for the rotor core 10 to ensure magnetic 
path from the stator core 1. Caulking pins 12 are inserted and caulking areas 13 are formed in 
the region between the permanent magnets 1 1 and the center hole 4. 
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NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS _____ 

[Brief Description of the Drawings] 

[Drawing 11 The rough plan of the permanent-magnetic motor in which one gestalt of implementation of 
this invention is shown. 

[Drawing 21 The rough cross section for explaining the rotor core shown in drawing 1 . 

[Drawing 31 The rough part plan for explaining the rotor core shown in drawing 1 . 

[Drawing 41 The rough part plan of a rotor core showing the gestalt of deformation implementation of 

this invention. 

[Drawing 5] The rough side elevation of the conventional permanent-magnetic motor. 
[Description of Notations] 

I Stator Core 

4 Feed Hole (for Shafts) 

10 Rotor Core (Magnet Flush-Type Field Core) 

1 0a Core sheet 

I I Permanent Magnet (Cross-Section Convex Lens Configuration) 
1 la Hole (for flux barrier) 

12 Caulking Pin 

1 3 Caulking Section 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the inner rotor type permanent- 
magnetic motor used for an air conditioner, the compressor of a refrigerator, etc., and relates to the 
permanent-magnetic motor which enables a deployment of reluctance torque with the configuration of a 
permanent magnet of acquiring magnet torque in detail especially. 
[0002] 

[Description of the Prior Art] What the composition of the inner rotor of this kind of permanent- 
magnetic motor is laying the permanent magnet under the rotor core, for example, is shown in drawing 5 
is proposed. 

[0003] As shown in drawing 5 , the permanent magnet 3 of a tabular is laid under the rotor core 2 in the 
stator core 1 of 24 slots by the circumferential direction along with the outer diameter by the pole (4 
very) of the permanent-magnetic motor concerned. In addition, as for a feed hole (hole for shafts), and 5, 
4 is [ a caulking pin and 6 ] the caulking sections. 

[0004] In this case, the configuration of a permanent magnet 3 is a cross-section flabellate mostly, and 
since ****** of the flabellate is made into the straight line for ****** of this flabellate along with the 
periphery of a core, there is much amount of the permanent magnet 3 used (the amount of magnets), and 
it can acquire large magnet torque. Moreover, since the inside of the aforementioned flabellate is 
considering as the straight line, the square boss section is formed in a core core, about the caulking pin 
5, it can form through and the caulking section 6 in this boss section, and distance is also in it between a 
permanent magnet 3 and a feed hole 4, and it is desirable also from the field of core intensity. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the aforementioned permanent-magnetic motor, 
use of reluctance torque cannot be performed but there is a fault that improvement in a motor efficiency 
cannot be expected. That is, between the permanent magnets 3 which adjoin in order to make [ more ] 
the amount of the permanent magnet 3 used is narrow, and it is because it is difficult to secure the way 
of the magnetic flux from a stator core 1 since width of face (thickness) of a permanent magnet 3 is 
enlarged. 

[0006] When this invention is made in view of the aforementioned technical problem and the purpose 
changes the cross-section configuration of a permanent magnet, it is in offering the permanent-magnetic 
motor which uses magnet torque and reluctance torque effectively, as a result enabled it to aim at 
improvement in a motor efficiency. 
[0007] 

[Means for Solving the Problem] In order to attain the aforementioned purpose, this invention is 
characterized for the cross-section configuration of this permanent magnet by the bird clapper as a 
convex lens configuration in the permanent-magnetic motor which has a rotor core inside while it lays 
the permanent magnet for the pole concerned under the aforementioned rotor core at equal intervals 
along with a core periphery. 
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[0008] In this case, it is desirable, when contiguity of the aforementioned permanent magnet which 
carries out laying under the ground is made into a unlike pole and it carries out more than the thickness 
of one magnetic steel sheet which uses the interval of the permanent magnet of this unlike pole for the 
rotor core concerned. 

[0009] It is good to form the flux barrier by making the field of another side into the curve which made 
the predetermined value distance of the middle point of **, and the feed hole concerned, and beveling 
the both-ends side of the aforementioned permanent magnet on the curve which met the core periphery 
in one field of the aforementioned permanent magnet. 
[0010] 

[Embodiments of the Invention] Hereafter, the gestalt of implementation of this invention is explained in 
detail with reference to drawing 1 or drawing 4 . In addition, among drawing, the same sign is given to 
the same portion as drawing 5 , and duplication explanation is omitted. 

[001 1] The permanent-magnetic motor of this invention can make [ many ] a convex lens configuration, 
then the amount of the permanent magnet used (the amount of magnets) for the cross-section 
configuration of the permanent magnet laid under the rotor core, its magnet torque can improve, the way 
of the magnetic flux from a stator core will be able to be secured, that is, it will be able to count upon 
use of reluctance torque at view. 

[0012] Therefore, as shown in drawing 1 and drawing 2 , the permanent magnet 1 1 of a cross-section 
convex lens configuration is laid under the rotor core 10 of this permanent-magnetic motor at equal 
intervals by the pole (4 very) concerned along with the core periphery. One field is made for each 
permanent magnet 1 1 to meet a core periphery, and it has turned the field of another side to the feed hole 
4. 

[0013] Furthermore, as shown in drawing 3 , in order to secure the way of the magnetic flux from a 
stator core 1, when it carries out between the permanent magnets 1 1 of an adjoining unlike pole more 
than the thickness of one magnetic steel sheet which makes the predetermined width of face s, for 
example, is used for the rotor core 10, it is desirable. In addition, as for the field (field it has turned 
[ field ] to the feed hole 4) of another side of a permanent magnet 1 1, it is good to make it the curve 
along the path (the so-called way of magnetic flux) of the MAG from a stator core 1. 
[0014] Therefore, in drawing 1 , it will be placed between the ways of the magnetic flux from a stator 
core 1 by the permanent magnet 1 1 about q shaft, and the way of the magnetic flux from a stator core 1 
will be formed in the rotor core 10 in the form where the curve was met, about d shaft. That is, q shaft 
and the difference of d shaft inductance become large, and generating of reluctance torque can be 
expected. 

[0015] Moreover, since each permanent magnet 1 1 is a cross-section convex lens configuration, a 
certain amount of field is generated between each permanent magnet 1 1 and a feed hole 4, and through 
and the caulking section 13 are formed in this field for the caulking pin 12. 

[0016] furthermore, it is shown in drawin g 4 - as ~ the hole for flux barrier in the both-ends side of 
each permanent magnet 1 1 - it is good to form 1 1 a In this case, what is necessary is just to cut the both 
ends of each permanent magnet 1 1 . the hole for these flux barrier - since 1 la prevents the short circuit 
of magnetic flux, and disclosure, it suppresses loss of the magnetic flux of a permanent magnet 1 1, as a 
result suppresses the fall of magnet torque 

[001 7] by the way, manufacture of the rotor core 10 setting -- a core press - metal mold - using - an 
automatic press -- a magnetic steel sheet ~ piercing - metal mold ~ the core laminating method 
(automatic laminating method) which forms the rotor core 10 in one in total inside is adopted 
[0018] At this press-working-of-sheet-metal process, when piercing core sheet 10a, while piercing the 
hole of a permanent magnet 1 1, and the hole of the caulking pin 12, the caulking section 13 is formed 
for every laminating of core sheet 10a. Therefore, press working of sheet metal by the conventional 
automatic laminating method can be used as it is. 

[0019] Thus, after closing automatically a press and the core by which the laminating was carried out, a 
magnet (for example, ferrite magnet) is laid under the hole of a permanent magnet 1 1, and it covers, and 
lets the caulking pin 12 pass, and a caulking and a permanent magnet 1 1 are magnetized in the thickness 
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direction of a convex lens configuration, and the rotor core 10 is magnetized. 

[0020] In addition, if additional explanation is given about drawing 4 , although the armature winding of 
a three phase (U phase, V phase, and W phase) is given to the stator core 1 of 24 slots, the number of 
slots may differ from the armature winding. Moreover, it is [ in / a stator core 1 / coil / by the side of an 
outer diameter ] good also considering W phase and its middle coil as a V phase in the coil by the side of 
U phase and a bore. 

[0021] thus, the hole that it is possible not to change with the former, that is, for magnet torque not to 
become small but to make [ many ] the amount used at least depending on the configuration of the 
convex lens by making the cross section of each permanent magnet 1 1 into a convex lens configuration 
as for the amount of the permanent magnet 1 1 used, and for flux barrier -- the short circuit of magnetic 
flux and disclosure can be prevented by 1 la 

[0022] Moreover, since the interval of the adjoining permanent magnet 1 1 is opened in predetermined 
and the cross section of a permanent magnet 1 1 is made into the convex lens configuration, the way of 
the MAG from a stator core 1 can fully be secured, and generating of reluctance torque can be expected. 
That is, it is because q shaft and the difference (Lq-Ld) of d shaft inductance can become large and 
reluctance torque can be generated by this. Therefore, a deployment of magnet torque and reluctance 
torque can be aimed at, as a result improvement in a motor efficiency can be aimed at. 
[0023] In addition, about the field (field it has turned [ field ] to the feed hole 4) of another side of a 
permanent magnet 1 1, it is good to decide in consideration of the distance of a permanent magnet 1 1 and 
a feed hole 4. By this, core intensity is not reduced, and it ends, as a result the fall of reliability can be 
prevented. Moreover, the performance rise (elevation of operation efficiency, vibration and the fall of 
noise) of an air conditioner can be aimed at, without raising cost, if the rotor core formed of the above- 
mentioned is incorporated, it considers as DC brushless motor and it uses as a compressor motor of an 
air conditioner etc. 
[0024] 

[Effect of the Invention] the same [ at least ] as the former in the cross section (the amount of magnetic 
[ used ]) of a permanent magnet, since it becomes in the permanent-magnetic motor which has a rotor 
core inside considering the cross-section configuration of this permanent magnet as a convex lens 
configuration according to invention of this permanent-magnetic motor according to claim 1 while 
laying the permanent magnet for the pole concerned under the aforementioned rotor core at equal 
intervals along with a core periphery, as explained above - a grade can be carried out And since the 
feed-hole side concerned of a permanent magnet is a curve, the way of the magnetic flux from a stator 
core can be secured, reluctance torque can be generated, and magnet torque and reluctance torque can be 
used effectively by this, as a result it is effective in the ability to aim at improvement in a motor 
efficiency. 

[0025] Since according to invention according to claim 2 contiguity of the aforementioned permanent 
magnet which carries out laying under the ground was made into the unlike pole in the claim 1 and it 
carried out to more than the thickness of one magnetic steel sheet which uses the interval of the 
permanent magnet of this unlike pole for the rotor core concerned, in addition to the effect of a claim 1, 
the way of the magnetic flux from a stator core will be secured more. That is, since magnetic reluctance 
can be made small and generating of larger reluctance torque can be expected, it is effective in the 
ability to aim at improvement in a motor efficiency. 

[0026] According to invention according to claim 3, one field of the permanent magnet in claims 1 or 2 
on the curve in alignment with the core periphery Since it comes to form the flux barrier by making the 
field of another side into the curve which made the predetermined value distance of the middle point of 
**, and the feed hole concerned, and beveling the both -ends side of the aforementioned permanent 
magnet While being able to make [ many / to the maximum ] the amount of the permanent magnet used 
(the amount of magnets), maintaining core intensity in addition to the effect of claims 1 or 2 Since the 
short circuit of the magnetic flux of a permanent magnet and disclosure can be prevented and generating 
of larger magnet torque can be expected, it is effective in the ability to aim at improvement in a motor 
efficiency. 
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